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(57) Abstract: A detector 
device (75) for detecting 
incident radiation at particular 
wavelengths is disclosed. The 
device (75) includes a base layer 
comprising a substrate (77). A 
resonant cavity is formed on 
the base layer between a pair 
of reflectors. One reflector is 
formed by a first reflector layer 
(83) disposed in fixed relationship 
with respect to the base layer 
and the other reflectors is formed 
by a second reflector layer (91) 
disposed on a membrane (89) in 
substantially parallel relationship 
to the substrate (77). A detector 

(79) is provided within the cavity to absorb incident radiation therein for detection purposes. By replacing the absorbing layer 
of the detector (79) within the resonant cavity, high quantum efficiency can be achieved using very thin absorbing layers, thus 
significantly reducing the detector volume and hence noise. Various different arrangements of the detector device (75) and different 
methods of fabricating the same are also disclosed. 
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'A Resonant Cavity Enhanced Device and a Method for Fabricating Same" 



Field of the Invention 

This invention relates to the detection of incident radiation at particular 
5 wavelengths using resonant optical cavities. The invention has particular, 
although not exclusive, utility with detectors involving tunable resonant cavities 
fabricated using micro-electromechanical systems (MEMS) structures in the form 
of deformable suspended membranes suitable for, but not limited to, photonic 
purposes involving infrared (IR) electromagnetic radiation, where cavity. 
10 resonance is used , and methods of fabricating the same. 

The invention has application with semiconductor devices that can be used as 
tunable detectors, emitters and filters for wavelength division multiplexing (WDM), 
micro-spectrometry and other purposes. 

Aspects of the invention may be employed as multi or hyperspectral systems, 
15 wavelength agile detector systems and detector systems that are blind to 
countermeasures. 

Throughout the specification, unless the context requires otherwise, the word 
"comprise" or variations such as "comprises" or "comprising", will be understood to 
imply the inclusion of a stated integer or group of integers but not the exclusion of 
20 any other integer or group of integers. 

Background Art 

The following discussion of the background art is intended to facilitate an 
understanding of the present invention only. It should be appreciated that the 
discussion is not an acknowledgement or admission that any of the material 
25 referred to was part of the common general knowledge as at the priority date of 
the application. 
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The integration of MEMS and infrared detector technology, where the MEMS 
structure is used as a resonant cavity to improve quantum efficiency, has the 
following applications: 

♦ High performance infrared detectors 

5 ♦ High performance infrared detectors operating with reduced cooling 
requirements - high operating temperature (HOT) detectors 

♦ Wavelength agile versions of the above applications. 

International Patent Application PCT/AU03/00048 filed by the applicant describes, 
inter alia, the formation of n-p junctions, and particularly n-on-p junctions which 

10 has particular, but not exclusive, utility in the construction of infrared (IR) 
photodiodes and detectors that function as two-dimensional staring arrays 
fabricated using mercury cadmium telluride (MCT). Accordingly, the entire 
disclosure contained in International Patent Application PCT/AU03/00048 is 
incorporated herein by reference to constitute part of the disclosure of this 

15 specification. 

International Patent Application PCT/AU03/00280 also filed by the applicant 
describes the application of MEMS structures with infrared wavelength detector 
technology to arrive at a tunable resonant cavity design having widespread utility 
not only in the field of infrared wavelength detector technology, but in other areas 
20 of electromagnetic filtering. Accordingly, the entire disclosure contained in 
International Patent Application PCT/AU03/00280 is also incorporated herein by 
reference to constitute part of the disclosure of this specification. 
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The specifications of the aforementioned international patent applications 
describe, inter alia, technology for the development of high performance mid- 
wavelength infrared (MWIR - 3-5um) HgCdTe detectors, as well as long- 
wavelength infrared (LWIR, 8-12 pm) detectors using a reactive ion etching 
5 process to form n-on-p junctions. MWIR photodiodes developed according to the 
described processes give state of the art performance. 

The specification for International Patent Application PCT/AU03/00280 also 
describes the development of low-temperature fabricated MEMS structures 
applicable to a wide range of semiconductor material systems that cannot 

10 withstand the high temperature processing usually required for MEMS devices. 
The invention has resulted in the development of new technologies for the 
fabrication of micro-machined optical micro-cavities with electrostatically actuated 
membrane mirrors as described in the specification. A cross-sectional view of a 
micro-machined Fabry-Perot cavity interferometer integrated with a photodiode 

15 formed according to the invention that is the subject of International Patent 
Application PCT/AU03/00280 to create a detector device with the detector 
externally disposed of the cavity is shown in Figure 1 . In the devices that can be 
fabricated in accordance with this invention, with specially designed supports, 
membrane movement of ~75um can be achieved using 50V bias without cracking 

20 of the membranes. Experiments on micro-cavities have also shown that changes 
in cavity length of more than 300nm using voltages less than 5V can be achieved 
while maintaining mirror parallelism of better than +5nm over 100*l00um 2 . 

The noise in the signal from current state-of-the-art IR photon detectors is related 
to generation-recombination mechanisms in the material forming such detectors, 

25 and is directly proportional to the detector volume. The optical area of the detector 
is generally set by the optical system requirements leaving device thickness as 
the only parameter available for optimisation of noise performance. Since the 
signal strength depends on the amount of absorption of photons, in a standard 
detector there exists an optimum thickness which results in a maximum signal to 

30 noise ratio. 
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Disclosure of the Invention 

It is an object of the present invention to provide for the detection of incident 
radiation where opticai resonance is employed to enhance performance of the 
device. 

5 It is a preferred object to provide for an improvement in the signal to noise ratio 
associated with the detection. 

It. is a further or alternative preferred object to provide for a reduction in the 
volume of semiconductor detectors, while maintaining quantum efficiency. 

It is a further or alternative preferred object to provide for semiconductor detectors 
1 0 that can operate at higher temperatures. 

The present invention is associated with the principle that if the absorbing layer of 
a detector device is placed within a resonant cavity, the nexus between device 
thickness and resultant signal strength is broken since the photon lifetime in the 
cavity at the resonant wavelength is very long. Because of this, high quantum 
15 efficiency can be achieved using very thin absorbing layers, thus significantly 
reducing the detector volume and hence noise. 

In accordance with one aspect of the present invention, there is provided a 
detector device for detecting incident radiation at particular wavelengths, 
comprising:- 

20 a base layer of material; 

a cavity formed on said base layer, the cavity having a pair of reflectors, one 
being a first reflector layer disposed in fixed relationship with respect to the base 
layer and the other being a. second reflector layer disposed in opposed spaced 
relationship to the first reflector layer to form a resonant cavity between the layers, 
25 the reflectors being disposed a cavity length from each other; and 
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a detector disposed within the cavity to absorb incident radiation therein for 
detection purposes. 

Preferably, the first reflector layer and the second reflector layer are disposed in 
substantially parallel spaced relationship to each other. 

5 Alternatively, the second reflector layer may be formed so that at least a portion of 
it is of slightly concave form with respect to the interior of the cavity. 

Preferably, the surface of the detector for receiving incident radiation is provided 
with an anti-reflection (AR) coating to prevent Fresnel reflections therefrom that 
may otherwise form a complicated coupled multi-cavity structure, or alternatively, 
1 0 the detector may be formed as an integral part of the reflector structure. 

Preferably, the base layer is a substrate, or alternatively, the base layer may 
comprise an integrated circuit. 

In the case of the substrate, the substrate material may be a semiconductor or 
semiconductor system that is transparent to radiation in the wavelengths to be 
15 detected by the detector device. 

Preferably, the cavity length corresponds to optical wavelengths in the infrared 
region. 

Preferably, the detector is an active detector layer disposed in juxtaposition with 
the first reflector layer. 

20 Preferably, the second reflector layer is formed on a moveable membrane 
disposed in spaced relationship to said base layer and suspended relative thereto 
at the periphery of the membrane by a support structure; and a pair of electrodes 
are provided to control the movement of said membrane, the electrodes either 
being constituted by the reflectors or being juxtaposed therewith, one electrode 

25 with the one reflector and the other electrode with the other reflector. 
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ln one arrangement, the first reflector layer and the detector are integrated or 
integral with the base layer. . 

In one embodiment of this arrangement, it is preferred that the membrane is 
suspended by a support structure that is mounted upon a further base layer 
5 disposed in opposing, spaced relationship to the detector by support means. 

Preferably, the further base layer comprises a readout integrated circuit. 

Preferably, the support means comprises indium bumps that form part of the 
connection between the readout integrated circuit of the device and the detector. 

In another embodiment of this arrangement, it is preferred that the membrane is 
10 suspended by a support structure that is mounted upon the detector or the base 
layer of the device. 

Preferably, the first reflector layer is disposed on the surface of the base layer and 
is embedded between the detector and the base layer. 

Alternatively, it is preferred that the detector together with the first reflector layer is 
1 5 embedded within the substrate on one side thereof so that the detector is exposed 
on one side of the substrate and the first reflector layer is disposed within the 
substrate to be integral therewith, and the other side of the substrate having a 
window therein down to the detector and the first reflector layer to reveal the first 
" reflector layer from the other side of the substrate to enable the passage of 
20 radiation therethrough. 

In a further alternative, the first reflector layer is preferred to be disposed on 
another detector having a different wavelength sensitivity to incident radiation than 
the first detector, so that the first reflector layer is interposed between the two 
detectors, and the other detector is disposed on the base layer. 

25 Preferably, the other detector is of a shorter wavelength sensitivity to incident 
radiation to be detected than the first detector, and the base layer is a substrate. 
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ln this manner, the longer wavelength first detector is tunable by moving the 
membrane of the second reflector layer, and the shorter wavelength other 
detector is fixed. 

Alternatively, in the further alternative, another reflector layer is provided in 
5 juxtaposition with the base layer, interposed between the other detector and the 
base layer, to define another cavity between the second reflector layer and the 
other reflector layer. In this manner a plurality of cavities are formed which are 
conjunctively tunable by moving the membrane of the second reflector layer. 

Preferably, the other detector is of a longer wavelength sensitivity to incident 
1 0 radiation to be detected than the first detector. 

In another arrangement, the first reflector layer and the detector are preferably 
discrete from the base layer, whereby the second reflector layer and the 
moveable membrane are interposed between the detector and the base layer. 

Preferably, the detector forms part of a homogeneous layer of material having the 
15 first reflector juxtaposed on one side thereof, distal from the base layer, and the 
second reflector juxtaposed on the other side thereof, proximal to the base layer, 
whereby a recess is formed within the homogeneous layer of material adjacent to 
the second reflector layer to form an air gap within the cavity, and the detector is 
defined by the residual homogeneous layer of material disposed between the 
20 recess and the first reflector layer. 

In either arrangement, preferably, the membrane and one reflector is shaped in 
accordance with a prescribed membrane geometry. 

Preferably, the displacement of the suspended moveable membrane can be up to 
the full length of the air gap provided in the cavity, but is adjusted to avoid the 
25 membrane contacting the reflector, detector or the readout integrated circuit, 
depending upon the particular detector arrangement. 



Preferably, the membrane is formed of silicon nitride. 
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Preferably, the support structures are formed of zinc sulphide. 



Preferably, the substrate is formed from an infrared sensitive material. 



Preferably, the substrate is formed of mercury cadmium telluride (MCT). 

In another embodiment, it is preferred that the electrodes are formed separately of 
5 the reflective layers. 

In a further embodiment, it is preferred that the reflective layers are formed to 
function as electrodes. 

In accordance with another aspect of the present invention, there is provided a 
method for fabricating a detector device for detecting incident radiation at 
10 particular wavelengths, comprising:- 

providing a base layer of material; 

forming one reflector in fixed relationship with respect to the base layer, 

forming another reflector in opposed spaced relation to the one reflector so as 
to form a resonant cavity between the pair of reflectors, the reflectors being 
15 disposed a cavity length from each other; and 

forming a detector to be disposed within the cavity for absorbing incident 
radiation therein for detection purposes. 

Preferably, the method includes disposing the one reflector and the other reflector 
in substantially parallel spaced relationship to each other. 

20 Alternatively, the method may include forming the other reflector so that at least a 
portion of it is of slightly concave form with respect to the interior of the cavity. 



Preferably, the method includes coating the surface of the detector that receives 
incident radiation with an anti-reflection (AR) coating to prevent Fresnel reflections 
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therefrom that may otherwise form a complicated coupled multi-cavity structure, or 
alternatively forming the detector as an integral part of the reflector structure. 

Preferably, the base layer is a substrate, or alternatively, the base layer may 
comprise an integrated circuit. 

5 In the case of the substrate, the substrate material may be a semiconductor or 
semiconductor system that is transparent to radiation in the wavelengths to be 
detected by the detector device. 

Preferably, the cavity length corresponds to optical wavelengths in the infrared 
region. 

10 Preferably, the method includes: 

forming a moveable membrane; 

suspending the membrane at the periphery thereof with a support structure 
so that it is disposed in spaced relationship to the base layer; 

forming the other reflector on the moveable membrane; and 

15 providing a pair of electrodes to control the movement of the membrane, 

the electrodes either being constituted by the reflectors or being juxtaposed 
therewith, one electrode with the one reflector and the other electrode with 
the other reflector. 

In one arrangement, the method includes forming the one reflector and the 
20 detector so that they are integrated or integral with the base layer. 

According to one embodiment of this arrangement, preferably the method 
includes: 



growing a first reflector layer on the base layer to form the one reflector of 
the cavity resonator; 
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growing an active detector layer on the one reflector to form one side of the 
detector device; 

forming a second reflector layer on a further base layer to form the other 
reflector of the cavity resonator and the other side of the detector device; 

5 conjoining the sides of the detector device relative to each other so that the 

one reflector is disposed in confronting relationship with the other reflector 
and the reflectors are spaced apart, with the detector disposed 
therebetween; and 

bonding the two sides together to form an integral detector device with the 
10 reflectors disposed in spaced apart relationship to each other to form the 

resonant cavity with the detector disposed therein. 

Preferably, the method includes forming support means on one side or the other 
of the detector device to space the reflectors apart when conjoining one side 
relative to the other. 

1 5 Preferably, the further base layer comprises a readout integrated circuit. 

Preferably, the support means are indium bumps. 

Preferably, the converging and bonding involve a flip-chip bonding process. 

Preferably, the one reflector is epitaxially grown as a wide bandgap dielectric 
stack prior to growth of the active detector layer or layers. 

20 Preferably, the one reflector is an MCT/cadmium telluride (CdTe) A/4 dielectric 
stack. 



Preferably, the method includes suspending the other reflector upon the further 
base layer. 
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Preferably, the method includes forming the other reflector on, or as, a moveable 
membrane disposed in opposing, spaced relationship to the further base layer 
and suspended relative thereto at the periphery of the membrane by a support 
structure. 

5 According to another embodiment of this arrangement, preferably the method 
includes: forming the membrane so that it is suspended by a support structure 
mounted upon the detector or base layer of the device. 

Preferably, the method includes growing a first reflector layer on the surface of the 
base layer to constitute the one reflector, and depositing the detector thereon so 
1 0 that the first reflector layer is embedded between the base layer and the detector; 

Alternatively, the method preferably includes: 

embedding the detector in one side of the base layer; 

etching a window in the base layer from the other side thereof down to the 
detector to reveal the rear thereof; 

15 depositing a first reflector layer on the rear of the detector to form the one 

reflector of the cavity resonator; and 

forming a second reflector layer disposed in opposing relationship to the 
base layer to form the other reflector of the cavity resonator. 

Preferably, the method includes suspending the other reflector upon the base 
20 layer. 

In a further alternative, the method preferably includes: 
depositing another detector on the base layer; 



growing a first reflector layer on the other detector to form the one reflector 
of the cavity resonator; 
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depositing the first detector on the first reflector layer and the other detector 
so that the first reflector layer is interposed between the two detectors; and 

forming a second reflector layer in opposing, spaced relationship to the first 
detector to form the other reflector of the cavity resonator; 

5 wherein the other detector has a different wavelength sensitivity to incident 
radiation than the first detector. 

Preferably, the other detector is of a shorter wavelength sensitivity to incident 
radiation to be detected than the first detector, and the base layer is a substrate. 

In this manner, a multi-spectral detector device is provided for simultaneously 
10 detecting incident radiation of a plurality of wavelengths, whereby the longer 
wavelength first detector is provided within a resonant cavity enhanced device 
and is tunable by moving the membrane of the second reflector layer, and the 
shorter wavelength other detector is fixed. 

In another alternative still, the method preferably includes: 

15 growing another reflector layer on the base layer to form a further reflector 

of a second resonator cavity within the device; 

» 

depositing a another detector on the other reflector layer so that the other 
reflector layer is interposed between the other detector and the base layer; 

growing a first reflector layer on the other detector to form the one reflector 
20 of the first resonant cavity within the device; 

depositing the first detector on the first reflector layer and the other detector 
so that the first reflector layer is interposed between the first detector and 
the other detector; and 



forming a second reflector layer in opposing, spaced relationship to the first 
25 detector to form the other reflector of both cavity resonators; 
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wherein one cavity is defined between the first reflector layer and the second 
reflector layer, and another cavity is defined between the other reflector layer and 
the second reflector layer. 

In this manner, a multi-spectral detector device is provided for simultaneously 
5 detecting incident radiation of a plurality of wavelengths using a plurality of 
cavities, which are conjunctively tunable by moving the membrane of the second 
reflector layer. 

Preferably, the other detector is of a longer wavelength sensitivity to incident 
radiation to be detected than the first detector. 

10 In this manner, the shorter wavelength first detector is provided within a resonant 
cavity enhanced device being the one cavity, and the longer wavelength further 
detector is also provided within a resonant cavity enhanced device being the other 
cavity, both cavities being simultaneously tunable by moving the membrane of the 
second reflector layer. 

15 In another arrangement, the method preferably includes: 

forming: (i) a first reflector layer upon one side of a layer of homogeneous 
material sensitive to the incident radiation at the wavelength(s) to be 
detected to form the one reflector of the resonant cavity; and (ii) the 
detector within the layer of homogeneous material with an air gap to 
20 expose the detector to the other side of the homogeneous material; the first 

reflector layer and the detector being formed discretely from the base layer 
to constitute a first half of the device; 

forming: (i) the moveable membrane; and (ii) a second reflector layer to 
form the other reflector of the resonant cavity thereon; on the base layer so 
25 that the second reflector layer, the moveable membrane and the base layer 

constitute a second half of the device discrete from the first half of the 
device; and 
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conjoining the first half and the second half of the device so that the second 
reflector layer is juxtaposed and bonded to the other side of the layer of 
homogeneous material; 

whereby the second reflector layer and the moveable membrane surmounts the 
5 air gap and the detector to form the cavity with the detector disposed therein. 

Preferably, the method of this arrangement includes: 

growing the first reflector layer on one side of the layer of homogeneous 
material to be distal from the base layer in the end device; 

etching the other side of the layer to form a recess that constitutes the air 
10 gap of the resultant cavity, the residual material disposed between the 

recess and the first reflector layer defining the detector; and 

juxtaposing the second reflector layer on the other side of the layer of 
homogeneous material so that it is proximal to the base layer. 

Preferably, the method according to either arrangement further includes: 

15 forming a sacrificial layer of a prescribed material on the base layer, the 

material having a high etch selectivity for releasing the membrane in a 
suspended and spaced relationship from the base layer, as appropriate; 

forming the membrane on the sacrificial layer using a deposition technique 
characterised by providing the required intrinsic stress in the membrane; 

20 depositing the second reflector layer on the membrane to form the other 

reflector; 



patterning the further layer in accordance with a prescribed membrane 
geometry; 
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etching the second reflector layer to achieve said prescribed membrane 
geometry; 

initially etching the sacrificial layer to remove regions thereof down to the 
base layer, as appropriate* exposed by said etching; 

5 protecting those regions of the sacrificial layer intended to function as the 

residual support structure of the membrane; and 

finally etching the remaining unprotected regions of the sacrificial layer and 
removing the protection from said support structures to suspend the 
membrane in spaced relation to the base layer. 

10 Preferably, the membrane is formed of silicon nitride. 

Preferably, the sacrificial layer is formed of zinc sulphide. 

Preferably, the substrate is formed from an infrared sensitive material. 

Preferably, the readout substrate is formed of silicon. 

Preferably, the deposition technique for forming the membrane is plasma 
15 enhanced chemical vapour deposition (PECVD). 

Optionally, the electrodes may be formed separately of the reflective layers. 

Alternatively, the reflector layers may be formed to function as electrodes. 

Preferably, the second reflector layer is etched using an anisotropic etching 
process. 

20 Preferably, the anisotropic etching process for the second reflector layer involves 
dry etching. 

Preferably, the dry etching involves plasma etching. 
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Preferably, the plasma etching is reactive ion etching. 

Preferably, the sacrificial layer is initially etched using an anisotropic etching 
process. 

Preferably, the anisotropic etching process for initially etching the sacrificial layer 
5 involves dry etching. 

Preferably, the protection of the support structures is provided by photoresist. 

Preferably, the remaining unprotected regions of the sacrificial layer are finally 
etched using an isotropic etching process. 

Preferably, the isotropic etching process involves a final release wet etch that 
10 undercuts the remaining membrane. 

In accordance with another aspect of the present invention, there is provided a 
detector device fabricated according to the method defined in the preceding 
aspect of the invention. 

Brief Description of the Drawings 

15 The following drawings relate to the ensuing description of the best mode for 
carrying out the invention with respect to several specific embodiments. The 
description is made with reference to the following drawings wherein:- 

Figure 1 of the drawings is a schematic cross-sectional view of a micro-machined 
Fabry-Perot cavity interferometer integrated with a photodiode that is the subject 
20 of International Patent Application PCT/AU03/00280, which forms part of the 
disclosure of the present specification; 

Figure 2 shows a series of different types of detectors, wherein: 

Figure 2A is a cross-sectional schematic diagram of a photoconductor 
detector type; 
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Figure 2B is a cross-sectional schematic diagram of one arrangement of a 
horizontal junction photodiode or avalanche photodiode detector type; 

Figure 2C is a cross-sectional schematic diagram of another arrangement 
of a horizontal junction photodiode or avalanche photodiode detector type, 
5 where diodes have been mesa isolated; 

Figure 2D is a cross-sectional schematic diagram of one arrangement of a 
vertical junction photodiode or avalanche photodiode detector type; 

Figure 2E is a cross-sectional schematic diagram of another arrangement 
of a vertical junction photodiode or avalanche photodiode detector type; 

10 Figure 3 is a schematic cross-sectional view of a composite detector device 
according to a first embodiment; 

Figure 4 is a schematic cross-sectional view of a detector device according to a 
second embodiment; 

Figure 5 is schematic cross-sectional view of a detector device according to a 
15 third embodiment; 

Figure 6 is a minor variation of the first embodiment; 
Figure 7 is a minor variation of the second embodiment; 

Figure 8 is a schematic cross-sectional view of a detector device according to a 
fourth embodiment; 

20 Figure 9 is a schematic cross-sectional view of a detector device according to a 
fifth embodiment; 



Figure 10 is a schematic cross-sectional view of a detector device according to a 
sixth embodiment; and 
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Figure 11 is a graph of the effective minority carrier lifetime, as calculated, versus 
surface recombination velocity as a function of bulk lifetime and active layer 
thickness. 

Best Wlode(s) for Carrying Out the Invention 

5 The best mode for carrying out the invention will now be described with respect to 
three specific embodiments and 2 minor variations thereto. Before describing the 
embodiments in detail, however, reference will be made to Figure 1 of the 
drawings for the purposes of describing the method of fabricating a tunable cavity 
resonator of the type described in the applicant's International Patent Application 

10 PCT/AU03/00280, which method forms part of the description of each of the 
embodiments of the present invention. 

As shown in Figure 1 of the drawings, a detector device 11 comprises a tunable 
cavity resonator 13 surmounting a photodiode detector 15. The detector 15 
comprises a substrate 17 formed of p-type semiconductor material with an n-on-p 

15 diode junction 19 formed therein, the n-type material 21 being formed using an 
appropriate technique such as reactive ion etching (RIE). The n-on-p junction 
functions as a photodiode, which is connected to appropriate electrodes (not 
shown) to constitute an IR detector. A first reflector layer 23 is deposited on the n- 
type material to form a lower mirror of the cavity resonator 1 3 in fixed relationship 

20 with the substrate 17. The remainder of the cavity resonator 13 is formed by a 
second reflector layer 25 deposited on a moveable membrane 27 suspended at 
its periphery by a support structure 29 above the detector 15 so that the second 
reflector layer is disposed to form an upper moveable mirror in a substantially 
parallel spaced relationship with the first reflector layer 23, the mirrors being 

25 spaced a cavity length apart from each other. The mirrors formed by the reflectors 
23 and 25 constitute electrodes to control the movement of the membrane 27 by 
an electrostatic force applied thereto in response to an applied voltage across the 
electrodes. The applied voltage to the electrodes electrostatically attracts the 
mirrors towards each other a relative amount. Other arrangements, however, may 

30 be provided where force plate electrodes are disposed in a manner so that when 
a voltage is applied across the electrodes, the moveable mirror moves away from 
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the static mirror a relative amount, proportional to the applied bias. These 
particular arrangements will be described in subsequent embodiments of the 
invention. 

A pair of electrodes 30 are deposited upon the detector 15 to connect to either 
5 side of the n-p junction 19 and to readout electronics to provide an electronic 
signal proportional to the amount of radiation absorbed by the detector after 
passing through the cavity resonator. One of the electrodes is a force plate 
electrode for connecting to the force plates, and the other is for contacting the 
detector. 

10 The second reflector layer 25 and the membrane 27 are precisely shaped in 
accordance with a prescribed membrane geometry so that the periphery of the 
membrane adjoining the support structure 29 functions as a spring to facilitate 
movement and tuning of the membrane to the requisite cavity length whilst 
maintaining the second reflector layer 25 in substantially parallel relationship to 

1 5 the first reflector layer 23 throughout the range of movement of the membrane. 

The displacement of the suspended moveable membrane can be up to the full 
cavity length, but is adjusted to avoid the membrane contacting the one reflector. 
Using the fabrication processes described in the specification of International 
Patent Application PCT/AU03/00280, membrane movement of ~75um can be 
20 achieved using 50V bias without cracking of the membranes. Furthermore, 
changes in cavity length of more than 300nm using voltages less than 5V can be 
achieved while maintaining mirror parallelism of better than ±5nm over 
100x100pm 2 . 

The process for fabricating the detector device initially involves depositing the first 
25 reflector layer 23 on the surface of the n-type material 21 , overlapping with the p- 
type material of the detector 15 to form the lower mirror of the cavity resonator, 
and then forming a sacrificial layer of a prescribed material on the resultant front 
surface of the device incorporating the lower mirror, the prescribed material 
having a high etch selectivity for releasing the membrane 27 in a suspended and 
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spaced relationship with respect to the lower mirror 23. In the present 
arrangement, the prescribed material for the sacrificial layer is zinc sulphide. 

The process next involves forming the membrane 27 on the sacrificial layer using 
a deposition technique characterised by providing the required intrinsic stress in 

5 the membrane. The deposition technique employed is PECVD and the membrane 
is formed of silicon nitride. The second reflector layer 25 is then deposited on the 
membrane 27, patterned in accordance with a prescribed membrane geometry, 
and anisotropically etched to form the upper moveable mirror and shape the 
membrane according to the membrane geometry. The anisotropic etching 

10 process is a dry plasma etching process involving reactive ion etching. 

The process then involves initially wet etching the sacrificial layer in an HCI dip to 
isotropically remove regions of the sacrificial layer down to the first reflector layer 
23 on the detector 15, exposing the same, but which is timed so that there is no 
substantial undercutting of the zinc sulphide beneath the membrane or of the 

15 membrane support covered by the membrane. Those regions of the sacrificial 
layer intended to function as the residual support structure 29 of the membrane 
are then protected by a photoresist, whereupon the remaining unprotected 
regions of the sacrificial layer are finally etched using an isotropic etching process 
and the protection removed from the support structures 29 to suspend the 

20 membrane 27 in substantially parallel relation to the first reflector layer 23. 

The force plate electrodes 30 are actually applied to the detector 15 before the 
membrane is formed to respective sides of the n-p junction 19 to allow for 
electrical connection to the detector device 1 1 . 

Although the above detector device 1 1 is formed with a horizontal n-p photodiode 
25 detector for IR wavelengths, in practice there are a number of different detector 
types suiting particular applications to which the invention is applied that affect the 
ultimate configuration of the tunable cavity resonator. These different detector 
types are shown formed with their corresponding substrate as applicable, in 
Figures 2A to 2E. 
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As shown in Figure 2A, the detector type is a photoconductor 31, which simply 
comprises a layer of IR sensitive material 33 such as MCT grown on a substrate 
35, where contacts 37a and 37b are disposed at spaced apart locations on the IR 
sensitive material layer. 

5 In Figures 2B and 2C, alternative arrangements of horizontal junction photodiodes 
or avalanche photodiodes are shown, where the IR sensitive material layer 33 
comprises a predominantly horizontal n-p orp-n junction. 

In the case of Figure 2B, the horizontal junction photodiode 39 has an n (or p) 
portion 33b type converted within a p-type (or n) layer 33a to form the IR sensitive 
10 device 39, with contacts 37a and 37b respectively mounted upon the layer 33a 
and the portion 33b. 

In the case of Figure 2C, the horizontal junction photodiode 41 has a p-type (or n) 
layer 33a grown on the substrate 35, followed by an n-type (or p) layer 33b grown 
on the preceding layer 33a, whereby the layer 33b is etched to reveal part of the 
15 surface of the layer 33a for disposing a contact 37a with the other contact 37b 
disposed on the layer 33b. 

In Figures 2D and 2E, alternative arrangements of vertical junction photodiodes or 
avalanche photodiodes are shown, where the IR sensitive material layer 33 
comprises a predominantly vertical n-p or p-n junction. 

20 In the case of Figure 2D, the vertical junction photodiode 43 has a p-type (or n) 
layer 33a directly adhered to the read out integrated circuit (ROIC) electronics 45 
and an n-type (or p) layer 33b type converted within a portion of the layer 33a 
right through to the ROIC so that it also is directly adhered to the ROIC electronics 
45, whilst forming a vertical junction with layer 33a. The contact 37a is vertically 

25 disposed on the end of the layer 33a, and the contact 37b surmounts the 
opposing ends of the interposed layer 33b to conjoin them. 



In the case of Figure 2E, the vertical junction photodiode 47 has a p-type (or n) 
layer 33a grown on the substrate 35, with an n-type (or p) layer 33b formed within 
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a portion of the layer 33a right through to the substrate 35 so that it forms a 
vertical junction with the layer 33a. Contacts 37a and 37b are respectively 
disposed on the upper surface of the layers 33a and 33b. 

Although the arrangement shown in Figure 1 is a significant improvement on prior 
5 art detector devices, the cavity 13 is optically in front of the detector 13. As 
described in the specification of International Patent Application 
PCT/AU03/00280, and adopting alternative detector arrangements as shown in 
Figures 2, various other detector device arrangements may be provided, with the 
device being either front or rear illuminated with respect to the substrate or 
10 readout electronics, however, all of these devices have the detector disposed 
externally of the' cavity. When the detector is external of the cavity, the cavity 
filters the incident radiation and only certain wavelengths will be permitted to pass 
through to the detector. 

According to the present invention, however, the detector is disposed within the 
15 cavity, and thus for those wavelengths that are in tune with the cavity, these will 
resonate within the cavity and thus pass through the detector multiple times. This 
means that the detector can be thinner and still absorb the same amount of 
photons. Hence the thickness of the detector can be reduced, which in turn 
reduces certain noise mechanisms allowing the signal-to-nbise ratio of the device 
20 to be improved, and permit the detector to be operated at higher temperatures. 

Adopting a device having a detector that is internally disposed within the cavity 
requires an alternative device design that can be achieved a number of different 
ways. 

The first embodiment of the invention is directed towards a rear or back-side 
25 illuminated detector device 51 as shown in Figure 3 of the drawings. In this 
arrangement, the detector device 51 is formed in two parts, which are then 
conjoined to form an integral detector device with the detector disposed therein. 



The first part 51a of the detector device involves forming one side of a Fabry- 
Perot cavity 52, comprising a substrate 53 of IR radiation transparent material 
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having a first reflector layer 55 epitaxially grown thereon as a wide bandgap 
MCT/CT (HgCdTe/CdTe) A/4 dielectric stack to form a back mirror. An active 
detector layer 57 in the form of MCT is then grown on the first reflector layer 55 to 
complete the construction of the first part of the device. The surface of the 

5 detector layer for receiving incident radiation is provided with an anti-reflection 
(AR) coating to prevent Fresnel reflections therefrom that may otherwise form a 
complicated coupled multi-cavity structure. It should be appreciated, however, that 
detailed optical design of the structure is required since unrealistically thick layers 
for the AR coating may result. Alternatively the detector can be embedded into the 

10 minor structure 

The second part 51b of the detector device involves forming the other side of the 
Fabry-Perot cavity comprising a readout substrate 59 of silicon having a second 
reflector layer 61 formed as a MEMS structure 62 thereon. The MEMS structure 
62 is formed as before using the etched sacrificial layer, resulting in a 

15 geometrically shaped membrane 63 suspended by a support structure 65 
mounted on the readout substrate, with the second reflector layer 61 disposed on 
the membrane. Appropriate spacing means in the form of indium bumps 67 are 
mounted upon the readout structure, having a height greater than the height of the 
support structure 65 by an amount commensurate to the maximum cavity length 

20 of the Fabry-Perot cavity that is provided in the completed device, less the 
thickness of the detector layer 57. 

After completing the formation of both parts 51a and 51b of the detector device, 
the respective sides of the device are conjoined relative to each other so that the 
first part 51a surmounts the supporting means of the second part 51b, with the 
25 reflectors 55 and 61 disposed in confronting relationship with each other, spaced 
apart a cavity length, with the active detector layer 57 disposed therebetween 
sitting on the distal ends of the indium bumps 67. The conjoining of the two parts 
is undertaken using a flip-chip bonding process, whereby the engaging portions of 
the detector layer 57 and the ROIC 59 are adhered via indium bumps 67. 



30 In normal practice, an array of detector devices 51 are formed in the one flip-chip 
bonding procedure. Thus the first part 51a of the device has its active detector 
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layer etched to form a reticule providing a regular matrix of detector cells 69 
arranged in a grid formation separated by rectilineal gaps or spaces 71 etched 
down to the first reflector layer 55. The second part 51b of the device similarly has 
the indium bumps 67 arranged in the form of a regular rectangular matrix 

5 circumscribing discrete cells each of which contain a MEMS structure 62 as 
described above. The cells of each part are of corresponding size, and are 
precisely aligned with the distal ends of the indium bumps engaging the outer 
surface of the engaging portion of the detector layer, immediately adjacent to 
each of the gaps 71 as shown in Figure 3 of the drawings. In this manner, the 

10 reflector and substrate layers are common to each of the cells, to optimise 
electrode connection for controlling the displacement between the reflector layers 
as well as to the detectors themselves. 

In this particular arrangement, it should be appreciated that the MEMS structure 
62 operates in a manner whereby the movement of the membrane can be both: 

15 (j) outwardly of the distal ends of the supporting structure 65 and the 

inner side of the readout substrate 59, towards the detector layer 57 
and the first reflector layer 55 for the purposes of tuning the cavity to 
a resonant wavelength that is less than that provided when the 
membrane 63 is at its rest position with minimal intrinsic stress as 

20 shown in Figure 3, and 

(ii) inwardly of the distal ends of the supporting structure 65 and the 
inner side of the readout substrate 59, away from the detector layer 
57 and the first reflector layer 55 for the purposes of tuning the 
cavity to a resonant wavelength that is greater than that provided 
25 when the membrane 63 is at its rest position with minimal intrinsic 

stress as shown in Figure 3. 

In the case of (i), force plates (not shown) are provided on the membrane 
63 and the detector layer 69 so that a tuning voltage may be applied across 
the second reflector layer 61 and the detector layer 69 to electrostatically 
30 attract them towards each other an amount proportional to the applied bias. 
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Consequently, the membrane 63 would move towards the detector layer 69 
as the voltage is increased. 

In the case of (ii) force plates (not shown) are provided on the top of the 
readout substrate 59 and the membrane 63 so that a tuning voltage may 
5 be applied across the readout substrate 59 and the second reflector layer 

61 to electrostatically attract them towards each other an amount 
proportional to the applied bias. Consequently, the membrane 63 would 
move towards the readout substrate 59 as the voltage is increased. 

The second embodiment is directed towards a front-side illuminated detector 
10 device 75 comprising a resonant cavity structure in which the detector is located 
inside the cavity and within the substrate of the cavity, as shown in Figure 4 of the 
drawings. In this arrangement the detector device 75 is fabricated as a single 
device from a substrate 77 on which a MEMS structure 78 is formed and the 
detector integrally disposed. 

15 In this embodiment, the substrate 77 has the active detector 79 initially embedded 
therein on the front side 77a of the substrate to form part of the inside of a Fabry- 
Perot cavity. A window 81 is then etched in the rear side 77b of the substrate to 
reveal the rear of the embedded detector 79. A first reflector layer 83 is then 
deposited on the rear of the active detector to form the one reflector of the cavity 

20 resonator. An anti-reflection (AR) coating 85 is then provided on the front surface 
of the detector 79 to prevent Fresnel reflections from the front surface forming a 
complicated coupled multi-cavity structure. As in the first embodiment, detailed 
optical design techniques are employed to ensure that the AR coating 85 is not 
unrealistically thick. Alternatively, the' detector could be part of the mirror structure 

25 and therefore the AR coating would not be of concern. 

The MEMS structure 78 is then formed on the front side 77a of the substrate, in a 
similar manner to the MEMS structure described in relation to Figure 1 , using a 
sacrificial etched layer. In this manner, the structure as shown in Figure 4 is 
fabricated comprising a support structure 87 suspending a membrane 89 with a 
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second reflector layer 91 disposed thereon in substantially parallel relationship to 
the substrate 77 to form the other reflector of the cavity resonator. 

The electrodes 93 for connecting to the detector are similar to the arrangement 
shown in Figure 1 of the drawings, being in the form of force plate electrodes 
5 disposed on the front surface 77a of the substrate. 

The first reflector layer 83 constitutes the back mirror of the device and the 
second reflector layer 91 constitutes an upper moveable mirror of the device, the 
mirrors defining the resonant cavity therebetween. Accordingly, the cavity extends 
into the substrate 77 with the active detector layer 79 disposed within the cavity. 

10 The third embodiment is directed towards a front-side illuminated detector device 
similar to the second embodiment but utilising aspects of the first embodiment to 
eliminate the need of a substrate altogether. 

As shown in Figure 5 of the drawings, the detector device 95 of this embodiment 
comprises one reflector being fixed formed by a first reflector layer 97 directly 

15 formed onto a silicon readout layer 99 being the readout electronics integrated 
circuit (ROIC) for the device. An active detector 101 is then formed upon the first 
reflector layer 97, interposing the first reflector layer as the back mirror of the 
device between the ROIC 99 and the detector 101. A MEMS structure 102 is then 
formed on the detector 101, using the same process described in relation to 

20 Figure 1 resulting in a membrane 103 being suspended upon a support structure 
105 and having a second reflector layer 107 formed on the membrane to 
constitute the upper moveable mirror of the device. 

A minor variation to the detector device of the first embodiment is shown in Figure 
6, where the same reference numerals have been used to identify corresponding 
25 items described in relation to the first embodiment. In this variation, the detector 
device 111 has the gap 71 provided by the termination of the active detector layer 
69 within the cell wide enough for a spacer 112 to be aligned therewith as 
opposed to an indium bump 67, so that the distal end of the spacer 112 engages 
the substrate directly, whilst the distal end of the indium bump 67 engages the 
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detector 57 as before. In this arrangement, the spacer 112 ends up determining 
the cavity length with precision greater than that which can be achieved using 
indium bumps per se. However, the indium bump 67 is retained to make up part of 
the electrical connection of the IR sensing circuit between the ROIC 59, the 
5 substrate 53 and the detector 57 to facilitate the connection arrangement. 

Although the drawing shows a detector device with a single MEMS structure, in 
practice the detector device would be formed with an array of such MEMS 
structures, separated by alternate spacer 112 and indium bump 67 members. 

In addition, force plates (not shown) may be disposed in alternative configurations 
10 on the membrane 63 and the detector layer 69, and/or on the readout substrate 
59 and the membrane 63, to allow for controlled movement of the membrane 63 
outwardly of the distal ends of the support structure 65 of the MEMS structure or 
inwardly thereof, respectively, as in the case of the detector device of the first 
embodiment. 

15 A minor variation to the detector device of the second embodiment is shown in 
Figure 7, where again the same reference numerals have been used to identify 
corresponding items described in relation to the second embodiment. In this 
variation, detector device 113 has the substrate 77 without the detector layer 
embedded therein and a rear etched window on the rear side thereof. 

20 Alternatively, the first reflector layer 83 and the detector 79 are built up as 
sequential layers on the front surface 77a of the substrate, and the MEMS 
structure 78 is formed on the outer surface of the detector layer 79. In this 
arrangement, the detector device 113 can receive IR radiation 115 from either the 
front side, incident to the upper moving mirror 91 , or IR radiation 117 from the rear 

25 side, incident to the substrate 77. 

The fourth embodiment is directed towards a front or back-side illuminated 
detector device, which is derived from the first embodiment, but where the cavity 
is formed in a recessed portion of IR material incorporating the detector. 
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As shown in Figure 8 of the drawings, the detector device 121 again is formed in 
two parts a first part 121a and a second part 121b, which are then conjoined to 
form the integral detector device shown. 

The second part 121b of the detector device is fabricated by forming a complete 
5 MEMS structure 123 directly upon a substrate 125, according to any of the 
methods previously described. Importantly, the substrate 125 can be formed of 
any suitable type of IR transparent semiconductor material such as silicon or 
gallium arsenide (GaAs), which may not necessarily be as temperature sensitive 
as other semiconductor materials such as MCT. In this manner, the membrane 
1 0 fabrication process may be facilitated at higher temperatures to ensure membrane 
morphology and integrity. 

The resultant MEMS structure is thus formed with a reflector mirror 127a 
deposited on the outer surface of the membrane 129, which is suspended in 
spaced relation with the substrate 125 by the support structure 131. The reflector 
1 5 mirror 1 27a and membrane 1 29 in this manner form one part of the FP cavity. 

The first part 121a of the detector device is fabricated by depositing a reflector 
mirror 127b on one side of a layer of IR sensitive material 133 that can function as 
an IR detector and etching the other side of the layer to form a recess 135. The 
recess 135 is formed so as to leave a band of IR sensitive material between the 
20 bottom of the recess and the reflector mirror 127b, so that the band of IR sensitive 
material functions as the actual IR detector 137 for the device. Thus the reflector 
mirror 127b, the IR detector 137 and the recess 135 forms the other part of the FP 
cavity. 

The two parts 121a and 121b are then brought into confronting relationship with 
25 each other so that the mirror 127a of the second part 121 b is juxtaposed with the 
recessed side of the layer of IR sensitive material 133, the MEMS structure 123 
essentially surmounting the top of the recess 135 to form an air gap between the 
bottom of the recess 135 and the mirror 127a. The two parts are bonded either by 
van der Waal's forces or by applying an epoxy adhesive between the confronting 
. 30 surfaces to create an integrated detector device 121 . 
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Thus a complete FP cavity is formed between the mirrors 127, with the IR 
detector 137 disposed within the cavity to form a resonant cavity enhanced 
device. The mirrors 127 may either form the electrodes of the device, or separate 
force plate electrodes may be provided for controlling flexure of the membrane 
5 129 by the application of an electrical potential between the electrodes and a 
resultant electrostatic force applied to the suspended membrane and mirror 
structure. This electrostatic force is then controlled by the applied bias to move 
the suspended membrane and mirror structure into the cavity 135 a controlled 
amount to allow for tuning of the FP cavity. 

10 The fourth embodiment can be easily extended to provide another arrangement 
where the reflector mirror 127b is formed directly onto an ROIC, similar to the 
arrangement shown in Figure 5 of the drawings. 

Further still, in such an arrangement, a force plate electrode may be disposed on 
the substrate 125 to allow for controlled movement of the membrane 129 
15 outwardly of the distal ends of the support structure 131 of the MEMS structure 
(by applying a voltage bias across the force plate electrode and the mirror 127a) 
or inwardly thereof (by applying a voltage bias across the two mirrors 127), as in 
the case of the detector device of the first and third embodiments. 

The fifth embodiment is directed towards an extension of the arrangement shown 
20 in Figure 7 of the drawings to provide for a multi-spectral detector device. 

As shown in Figure 9 of the drawings, the detector device 141 essentially 
comprises a composite detector 143 formed with two active detector layers of IR 
sensitive material, that are grown upon a substrate 145 that is transparent to IR 
radiation. One of the layers 147a is sensitive to incident radiation at a range of 
25 wavelengths that is different to the sensitivity of the further layer 147b. 
Importantly, the two detector layers 147a and 147b are separated by a first 
reflector layer 149 interposed therebetween. The first reflector layer 149 forms the 
one fixed reflector of the resonant cavity, which is completed by the fabrication of 
a MEMS structure 151 upon the composite detector 143. 
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The MEMS structure 151 is formed with a second reflector layer 153 deposited on 
the outer surface of a membrane 155, which is suspended in spaced relation to 
the composite detector 143 by a support structure 157, as described in relation to 
Figures 5 and 7of the preceding embodiments. 

5 In this particular embodiment, the device is "back side" illuminated where incident 
IR radiation impinges the back or underside of the substrate 145 and radiates 
therethrough to the detector and cavity for detection purposes. 

As previously described, the detector device 141 is constructed sequentially from 
the substrate 145 in the order of the further detector layer 147b, the first reflector 
10 layer 149, the one detector layer 147a, and the MEMS structure 151 thereon. 

Importantly, for the purposes of the present embodiment, the one detector layer 
147a is disposed within the FP cavity formed between the two reflectors 147a and 
147b, and the further detector layer 147b is disposed outside of the cavity. 
Furthermore, the one detector layer 147a is sensitive to a longer range of 
15 wavelengths, for example LWIR, than the further detector layer 147b, which, for 
example may be sensitive to MWIR. 

In this manner, a multi-spectral detector is provided within the one device, 
whereby the top part of the device incorporating the longer wavelength detector 
147a is tunable to detect a specific wavelength of incident IR radiation, whereas 
20 the lower part of the device incorporating the shorter wavelength detector 147b is 
fixed and thus would function as a broadband detector. 

It should be appreciated that this arrangement can also be configured in a 
manner similar to Figure 6 of the drawings, where the composite detector with the 
substrate base layer comprises one part of the device and is bumped bonded 
25 using Indium bumps to the second part of the device comprising a further base 
layer in the form of a readout integrated circuit with the MEMS structure fabricated 
thereon. The advantage of this form of construction is that the MEMS structure 
can be fabricated on the readout integrated circuit separately of the first part of the 
device comprising the temperature sensitive detectors, using conventional plasma 
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deposition techniques, and both parts can be subsequently integrated to form the 
complete device without damaging the detectors. 

The sixth embodiment is also directed towards a multi-spectral detector device, 
but this time incorporating two tunable FP cavities within the one device. 

5 As shown in Figure 1 0 of the drawings, this detector device is similar to that of the 
previous embodiment except that essentially a further reflector layer is interposed 
between the base layer and the further detector layer, and the ranges of IR 
radiation sensitivity of the two layers is reversed. 

Moreover, the detector device 161 comprises a base layer 163 that may be either 
10 be formed of a substrate semiconductor material, or a readout integrated circuit . 
From this base layer 163, the device is sequentially fabricated, firstly growing or 
depositing the further reflector layer 165 on the base layer 163, then growing the 
further detector layer 167 so that the further reflector layer is embedded between 
the further detector layer 167 and the base layer 163. Next the first reflector layer 
15 169 is grown on the further detector layer 167, and the first detector layer 171 is 
then grown so that the first reflector layer 169 is embedded between the first 
detector layer 171 and the further detector layer 167 to complete the construction 
of a first part of the device comprising a plurality of detectors and fixed reflectors. 

Thereafter, the MEMS structure 173 is fabricated on the first part of the device, 
20 whereby a support structure 175 suspends a flexible membrane 177 and a 
moveable second reflector layer 179 above the first detector layer 171. 

In this particular embodiment, two FP cavities are formed in the one device. The 
first cavity is defined between the moveable second reflector layer 179 and the 
fixed first reflector layer 169, wherein the first detector layer 171 is disposed within 
25 the cavity. The second cavity is defined between the moveable second reflector 
layer and the fixed further reflector layer 165, wherein the further detector layer 
169 is disposed within this cavity. 
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This device is illuminated from the front or top side as shown in the drawings, with 
incident IR radiation 181 impinging the second reflector and passing through the 
cavities with resonant wavelength IR of the respective cavities being absorbed 
within the respective detectors and the remaining wavelength IR radiation passing 
5 through the device. 

As a result of this type of illumination, the first detector comprises an IR sensitive 
layer sensitive to a range of wavelengths that are shorter (eg SWIR) than the 
further detector layer (which may be sensitive to MWIR). 

As opposed to the previous embodiment, both cavities are simultaneously tunable 
10 conjunctively to discrete specific wavelengths of IR radiation by moving the 
second reflector layer 179 of the MEMS structure. It should be appreciated, 
however, that the cavities are not individually tunable, and the resonant 
wavelengths for both cavities will shift a prescribed amount on adjusting the 
position of the second reflector layer. 

15 It should also be appreciated that like the previous embodiment, the multi-spectral 
device of the present embodiment can be constructed in two discrete parts using 
the bump bonded conjoined structure described with reference to Figure 6. 

Now having described the various embodiments of the detector devices, the 
broad areas where it is envisaged the detector devices having resonant cavity 
20 enhancement may be used to solve existing technological issues will be 
discussed in detail. These areas may be summarised as follows: 

(i) High performance infrared detectors functioning at high operating 
temperatures (HOT). 

(ii) High performance very long wavelength infrared detectors for low 
25 background applications. 

(iii) Wavelength agile detectors. 
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HOT detectors 

The first application of resonant cavity enhanced devices (RCE) is in the area of 
photodetectors for use under reduced cooling conditions, or high operating 
temperature (HOT) detectors. At high operating temperatures 1R photon detectors 
5 are normally operating in the regime where noise is dominated by carrier diffusion 
rather than generation-recombination (g-r) or tunnelling, and thus any reduction in 
detector volume, by reducing layer thickness, will result in a decrease in thermally 
generated dark currents and thus improved signal to noise ratio. Most MWIR 
detectors are diffusion limited at higher temperatures (20CTK) and g-r limited at 

10 80°K. For diffusion limited detectors, reduction in the thickness of the absorbing 
layer may have a detrimental effect on device performance if the 
semiconductor/substrate interface and/or the semiconductor passivant interface 
are regions of enhanced recombination (in comparison to the bulk). This will 
cause a decrease in the effective lifetime of the bulk HgCdTe and thus a 

15 concomitant decrease in detector performance. Typical degradation of minority 
carrier lifetime as a function of bulk lifetime, layer thickness, and interface 
recombination are shown in Figure 8. These simulation results are obtained from 
an in-house semiconductor simulation package. This figure indicates that 
increasing levels of surface recombination will have a greater effect on effective 

20 lifetime for thin devices and longer bulk lifetimes. 

The resonant cavity enhanced devices described above provide a method for 
reducing this loss, by using a thin layer of absorbing HgCdTe sandwiched 
between two graded layers of higher bandgap material with high quality 
heterointerfaces. Such a structure will inhibit the flow of photogenerated minority 
25 carriers to regions of high recombination velocity at the semiconductor/passivant 
interface or the semiconductor/substrate interface. 

Graded heterostructure interfaces are known to have lower surface recombination 
velocities than external semiconductor interfaces, and can be readily grown via 
MBE. 



30 VLWIR detectors 
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The second application of RCE devices is aimed at improving the performance of 
VLWIR devices, which are diffusion limited even at low temperatures. Once again, 
providing that the detectors are operating in the diffusion limited regime, a 
reduction of material volume will improve performance, assuming that interface 
5 quality can be maintained at a high level. The reduction in thermally generated 
noise with the use of reduced volume structures operating at low temperatures, 
enables the use of HgCdTe for fabrication of high performance VLWIR devices for 
low background applications. 

Wavelength agile detectors 

10 By allowing one of the cavity mirrors to be movable, the detector designs 
developed for the applications outlined above can be modified to allow their use in 
applications requiring wavelength agile, or tunable detectors. Tuning of 
wavelengths in the long wavelength and mid wavelength infrared region requires 
large changes in cavity length and hence large movements in the membrane 

15 supporting the mirror. 

It should be appreciated that the scope of the present invention is not limited to 
the specific embodiments herein described. In particular, the invention is not 
limited to the fabrication of detector devices using the specific processes 
described herein. Accordingly, similarly configured resonant cavity enhanced 
20 detector devices, but which are fabricated according to different processes are 
nonetheless deemed to fall within the scope of the present invention. 

In addition, the invention is not limited to the specific types of detectors and 
detector devices described herein. In this respect, there are several different types 
of detectors in existence and future arrangements still to be developed that still 

25 may be improved by adopting cavity enhancement. Accordingly, it is understood 
that appropriate modifications and variations to the methods described herein that 
are necessary to adapt the invention to other detector types, but which are 
obvious or common knowledge to a person skilled in the art of semiconductor 
fabrication, are considered to be part of the invention and fall within the scope 

30 thereof. 
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The Claims Defining the Invention are as Follows 

1. A detector device for detecting incident radiation at particular wavelengths, 
comprising:- 

a base layer of material; 

5 a cavity formed on said base layer, the cavity having a pair of reflectors, one 
being a first reflector layer disposed in fixed relationship with respect to the 
base layer and the other being a second reflector layer disposed in opposed 
spaced relationship to the first reflector layer to form a resonant cavity 
between the layers, the reflectors being disposed a cavity length from each 
10 other; and 

a detector disposed within the cavity to absorb incident radiation therein for 
detection purposes. 

2. A detector device as claimed in claim 1, wherein the first reflector layer and 
the second reflector layer are disposed in substantially parallel spaced 

15 relationship to each other. 

3. A detector device as claimed in claim 1 , wherein the second reflector layer is 
formed so that at least a portion of it is of slightly concave form with respect to 
the interior of the cavity. 

4. A detector device as claimed in any one of the preceding claims, wherein the 
20 surface of the detector for receiving incident radiation is provided with an anti- 
reflection (AR) coating to prevent Fresnel reflections therefrom that may 
otherwise form a complicated coupled multi-cavity structure. 



5. 



A detector device as claimed in any one of claims 1 to 3, wherein the detector 
is formed as an integral part of the reflector structure. 
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6. A detector device as claimed in any one of the preceding claims, wherein the 
base layer comprises an integrated circuit. 

7. A detector device as claimed in any one of the preceding claims, wherein the 
base layer is a substrate. 

5 8. A detector device as claimed in claim 7, wherein the substrate material is a 
semiconductor or semiconductor system that is transparent to radiation in the 
wavelengths to be detected by the detector device. 

9. A detector device as claimed in any one of the preceding claims, wherein the 
cavity length corresponds to optical wavelengths in the infrared region. 

10 10. A detector device as claimed in any one of the preceding claims, wherein the 
detector is an active detector layer disposed in juxtaposition with the first 
reflector layer. 

1 1. A detector device as claimed in any one of the preceding claims, wherein the 
second reflector layer is formed on a moveable membrane disposed in spaced 

15 relationship to said base layer and suspended relative thereto at the periphery 
of the membrane by a support structure. 

12. A detector device as claimed in claim 11, including a pair of electrodes to 
control the movement of said membrane. 

13. A detector device as claimed in claim 12, wherein the electrodes are 
20 constituted by the reflectors. 

14. A detector device as claimed in claim 12, wherein the electrodes are 
juxtaposed with the reflectors, one electrode with the one reflector and the 
other electrode with the other reflector. 

15. A detector device as claimed in any one of claims 11 to 14, wherein the first 
25 reflector layer and the detector are integrated or integral with the base layer. 
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16. A detector device as claimed in claim 15, wherein said support structure is 
mounted upon a further base layer disposed in opposing, spaced relationship 
to the detector by support means. 

17. A detector device as claimed in claim 16, wherein the further base layer 
5 comprises a readout integrated circuit. 

18. A detector device as claimed in claim 17, wherein the support means 
comprises indium bumps that form part of the connection between the readout 
integrated circuit of the device and the detector. 

19. A detector device as claimed in claim 15, wherein said support structure is 
10 mounted upon the detector or the base layer of the device. 

20. A detector device as claimed in claim 19, wherein the first reflector layer is 
disposed on the surface of the base layer and is embedded between the 
detector and the base layer. 

21. A detector device as claimed in 19, wherein the detector together with the first 
15 reflector layer is embedded within the substrate on one side thereof so that 

the detector is exposed on one side of the substrate and the first reflector 
layer is disposed within the substrate to be integral therewith, and the other 
side of the substrate having a window therein down to the detector and the 
first reflector layer to reveal the first reflector layer from the other side of the 
20 substrate to enable the passage of radiation therethrough. 

22. A detector device as claimed in claim 19, wherein the first reflector layer is 
preferred to be disposed on another detector having a different wavelength 
sensitivity to incident radiation than the first detector, so that the first reflector 
layer is interposed between the two detectors, and the other detector is 

25 disposed on the base layer. 
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23. A detector device as claimed in claim 22, wherein the other detector is of a 
shorter wavelength sensitivity to incident radiation to be detected than the first 
detector, and the base layer is a substrate. 

24. A detector device as claimed in claim 22, including another reflector layer 
5 juxtaposed with the base layer, and interposed between the other detector 

and the base layer, to define another cavity between the second reflector layer 
and the other reflector layer, said cavities being conjunctively tunable by 
moving the membrane of the second reflector layer. 

25. A detector device as claimed in claim 24, wherein the other detector is of a 
10 longer wavelength sensitivity to incident radiation to be detected than the first 

detector. 

26. A detector device as claimed in any one of claims 11 to 14, wherein the first 
reflector layer and the detector are preferably discrete from the base layer, 
whereby the second reflector layer and the moveable membrane are 

15 interposed between the detector and the base layer. 

27. A detector device as claimed in claim 28, wherein the detector forms part of a 
homogeneous layer of material having the first reflector juxtaposed on one 
side thereof, distal from the base layer, and the second reflector juxtaposed 
on the other side thereof, proximal to the base layer, whereby a recess is 

20 formed within the homogeneous layer of material adjacent to the second 
reflector layer to form an air gap within the cavity, and the detector is defined 
by the residual homogeneous layer of material disposed between the recess 
and the first reflector layer. 

28. A detector device as claimed in any one of claims 1 1 to 27, wherein the 
25 membrane and one reflector is shaped in accordance with a prescribed 

membrane geometry. 



29. A detector device as claimed in any one of claims 1 1 to 28, wherein the 
displacement of the suspended moveable membrane can be up to the full 
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length of the air gap provided in the cavity, but is adjusted to avoid the 
membrane contacting the reflector, detector or the readout integrated circuit, 
depending upon the particular detector arrangement. 

30. A detector device as claimed in any one of claims 1 1 to 29, wherein the 



31. A detector device as claimed in any one of claims 11 to 30, wherein the 
support structures are formed of zinc sulphide. 

32. A detector device as claimed in any one of the preceding claims, wherein the 
base layer is formed from an infrared sensitive material. 

10 33. A detector device as claimed in claim 32, wherein the infrared sensitive 
material is mercury cadmium telluride (MCT). 

34. A method for fabricating a detector device for detecting incident radiation at 
particular wavelengths, the method including:- 

providing a base layer of material; 

15 forming one reflector in fixed relationship with respect to the base layer; 

forming another reflector in opposed spaced relation to the one reflector so as 
to form a resonant cavity between the pair of reflectors, the reflectors being 
disposed a cavity length from each other; and 

forming a detector to be disposed within the cavity for absorbing incident 
20 radiation therein for detection purposes. 



5 



membrane is formed of silicon nitride. 



35. A method as claimed in claim 34, including disposing the one reflector and the 
other reflector in substantially parallel spaced relationship to each other. 



WO 2004/015783 ^^»CT/AU2003/001020 

-40- 

36. A method as claimed in claim 34, including forming the other reflector so that 
at least a portion of it is of slightly concave form with respect to the interior of 
the cavity. 

37. A method as claimed in any one of claims 34 to 36, including coating the 
5 surface of the detector that receives incident radiation with an anti-reflection 

(AR) coating to prevent Fresnel reflections therefrom that may otherwise form 
a complicated coupled multi-cavity structure. 

38. A method as claimed in any one of claims 34 to 36, including forming the 
detector as an integral part of the reflector structure. 

10 39. A method as claimed in any one of claims 34 to 38, wherein the base layer 
comprises an integrated circuit. 

40. A method as claimed in any one of claims 34 to 38, wherein the base layer is 
a substrate. 

41. A method as claimed in claim 40, wherein the substrate material is a 
15 semiconductor or semiconductor system that is transparent to radiation in the 

wavelengths to be detected by the detector device. 

42. A method as claimed in any one of claims 34 to 41 , wherein the cavity length 
corresponds to optical wavelengths in the infrared region. 

43. A method as claimed in any one of claims 34 to 42, including: 
20 forming a moveable membrane; 

suspending the membrane at the periphery thereof with a support structure 
so that it is disposed in spaced relationship to the base layer; 

forming the other reflector on the moveable membrane; and 



providing a pair of electrodes to control the movement of the membrane. 
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44. A method as claimed in claim 43, wherein the electrodes are constituted by 
the reflectors. 

45. A method as claimed in claim 43, wherein the electrodes are juxtaposed with 
the reflectors, one electrode with the one reflector and the other electrode with 

5 the other reflector. 

46. A method as claimed in any one of claims 34 to 45, including forming the one 
reflector and the detector so that they are integrated or integral with the base 
layer. 

47. A method as claimed in claim 46, including: 

10 growing a first reflector layer on the base layer to form the one reflector of 

the cavity resonator; 

growing an active detector layer on the one reflector to form one side of the 
detector device; 

forming a second reflector layer on a further base layer to form the other 
15 reflector of the cavity resonator and the other side of the detector device; 

conjoining the sides of the detector device relative to each other so that the 
one reflector is disposed in confronting relationship with the other reflector 
and the reflectors are spaced apart, with the detector disposed 
therebetween; and 

20 bonding the two sides together to form an integral detector device with the 

reflectors disposed in spaced apart relationship to each other to form the 
resonant cavity with the detector disposed therein. 



25 



48. A method as claimed in claim 47, including forming support means on one 
side or the other of the detector device to space the reflectors apart when 
conjoining one side relative to the other. 
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49. A method as . claimed in claim 47 or 48, wherein the further base layer 
comprises a readout integrated circuit. 

50. A method as claimed in claim 48 or 49, including forming the support means 
from indium bumps. 

51. A method as claimed in any one of claims 47 to 50, wherein the conjoining 
and bonding involve a flip-chip bonding process. 

52. A method as claimed in any one of claims 47 to 51, including epitaxially 
growing the one reflector as a wide bandgap dielectric stack prior to growing 
the active detector layer or layers. 

53. A method as claimed in claim 52, wherein the one reflector is an 
MCT/cadmium telluride (CdTe) A/4 dielectric stack. 

54. A method as claimed in any one of claims 47 to 53, including suspending the • 
other reflector upon the further base layer. 

55. A method as claimed in any one of claims 47 to 54, including forming the other 
reflector on, or as, a moveable membrane disposed in opposing, spaced 
relationship to the further base layer and suspended relative thereto at the 
periphery of the membrane by a support structure. 

56. A method as claimed in claim 46, including forming the membrane so that it is 
suspended by a support structure mounted upon the detector or base layer of 
the device. 

57. A method as claimed in claim 56, including growing a first reflector layer on 
the surface of the base layer to constitute the one reflector, and depositing the 
detector thereon so that the first reflector layer is embedded between the base 
layer and the detector. 

58. A method as claimed in claim 56, including: 
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embedding the detector in one side of the base layer; 

etching a window in the base layer from the other side thereof down to the 
detector to reveal the rear thereof; 

depositing a first reflector layer on the rear of the detector to form the one 
5 reflector of the cavity resonator; and 

forming a second reflector layer disposed in opposing relationship to the 
base layer to form the other reflector of the cavity resonator. 

59. A method as claimed in claim 58, including suspending the other reflector 
upon the base layer. 

10 60. A method as claimed in claim 56, including: 

depositing another detector on the base layer; 

growing a first reflector layer on the other detector to form the one reflector 
of the cavity resonator; 

depositing the first detector on the first reflector layer and the other detector 
15 so that the first reflector layer is interposed belween the two detectors; and 

forming a second reflector layer in opposing, spaced relationship to the first 
detector to form the other reflector of the cavity resonator; 

wherein the other detector has a different wavelength sensitivity to incident 
radiation than the first detector. 

20 61. A method as claimed in claim 60, wherein the other detector is of a shorter 
wavelength sensitivity to incident radiation to be detected than the first 
detector, and the base layer is a substrate. 

62. A method as claimed in claim 56, including:- 
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growing another reflector layer on the base layer to form a further reflector 
of a second resonator cavity within the device; 

depositing a another detector on the other reflector layer so that the other 
reflector layer is interposed between the other detector and the base layer; 

5 growing a first reflector layer on the other detector to form the one reflector 

of the first resonant cavity within the device; 

depositing the first detector on the first reflector layer and the other detector 
so that the first reflector layer is interposed between the first detector and 
the other detector and 

10 forming a second reflector layer in opposing, spaced relationship to the first 

detector to form the other reflector of both cavity resonators; 

wherein one cavity is defined between the first reflector layer and the second 
reflector layer, and another cavity is defined between the other reflector layer 
and the second reflector layer. 

15 63. A method as claimed in claim 64, wherein the other detector is of a longer 
wavelength sensitivity to incident radiation to be detected than the first 
detector. 

64. A method as claimed in any one of claims 34 to 45, including: 

forming: (i) a first reflector layer upon one side of a layer of homogeneous 
20 material sensitive to the incident radiation at the wavelength(s) to be 

detected to form the one reflector of the resonant cavity; and (ii) the 
detector within the layer of homogeneous material with an air gap to 
expose the detector to the other side of the homogeneous material; the first 
reflector layer and the detector being formed discretely from the base layer 
25 to constitute a first half of the device; 
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forming: (i) the moveable membrane; and (ii) a second reflector layer to 
form the other reflector of the resonant cavity thereon; on the base layer so 
that the second reflector layer, the moveable membrane and the base layer 
constitute a second half of the device discrete from the first half of the 
5 device; and 

conjoining the first half and the second half of the device so that the second 
reflector layer is juxtaposed and bonded to the other side of the layer of 
homogeneous material; 

whereby the second reflector layer and the moveable membrane surmounts 
10 the air gap and the detector to form the cavity with the detector disposed 
therein. 

65. A method as claimed in claim 64, including: 

growing the first reflector layer on one side of the layer of homogeneous 
material to be distal from the base layer in the end device; 

15 etching the other side of the layer to form a recess that constitutes the air 

gap of the resultant cavity, the residual material disposed between the 
recess and the first reflector layer defining the detector; and 

juxtaposing the second reflector layer on the other side of the layer of 
homogeneous material so that it is proximal to the base layer. 

20 66. A method as claimed in any one of claims 34 to 65, including: 

forming a sacrificial layer of a prescribed material on the base layer, the 
material having a high etch selectivity for releasing the membrane in a 
suspended and spaced relationship from the base layer, as appropriate; 



25 



forming the membrane on the sacrificial layer using a deposition technique 
characterised by providing the required intrinsic stress in the membrane; 
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depositing the second reflector layer on the membrane to form the other 
reflector; 



patterning the further layer in accordance with a prescribed membrane 
geometry; 

5 etching the second reflector layer to achieve said prescribed membrane 

geometry; 

initially etching the sacrificial layer to remove regions thereof down to the 
base layer, as appropriate, exposed by said etching; 

protecting those regions of the sacrificial layer intended to function as the 
1 0 residual support structure of the membrane; and 

finally etching the remaining unprotected regions of the sacrificial layer and 
removing the protection from said support structures to suspend the 
membrane in spaced relation to the base layer. 

67. A method as claimed in claim 66, wherein the membrane is formed of silicon 
15 nitride. 

68. A method as claimed in claim 66 or 67, wherein the sacrificial layer is formed 
of zinc sulphide. 

69. A method as claimed in any one of claims 66 to 68, wherein the base layer is 
a substrate formed from an infrared sensitive material. 

20 70. A method as claimed in any one of claims 66 to 68, wherein the base layer is 
a readout substrate formed of silicon. 



71. A method as claimed in any one of claims 66 to 70, wherein the deposition 
technique for forming the membrane is plasma enhanced chemical vapour 
deposition (PECVD). 
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72. A method as claimed in any one of claims 66 to 71, wherein the second 
reflector layer is etched using an anisotropic etching process. 

73. A method as claimed in claim 72, wherein the anisotropic etching process for 
the second reflector layer involves dry etching. 

5 74. A method as claimed in claim 73, wherein the dry etching involves plasma 
etching. 

75. A method as claimed in claim 74, wherein the plasma etching is reactive ion 
etching. 

76. A method as claimed in any one of claims 66 to 75, wherein the sacrificial 
10 layer is initially etched using an anisotropic etching process. 

77. A method as claimed in claim 76, wherein the anisotropic etching process for 
initially etching the sacrificial layer involves dry etching. 

78. A method as claimed in any one of claims 66 to 77, wherein the protection of 
the support structures is provided by photoresist. 

15 79. A method as claimed in any one of claims 66 to 78, wherein the remaining 
unprotected regions of the sacrificial layer are finally etched using an isotropic 
etching process. 

80. A method as claimed in claim 79, wherein the isotropic etching process 
involves a final release wet etch that undercuts the remaining membrane. 

20 81. A detector device for detecting incident radiation at particular wavelengths 
fabricated according to the method as claimed in any one of claims 34 to 80. 



82. A detector device for detecting incident radiation at particular wavelengths 
substantially as herein described in any one of the embodiments, with 
reference to the accompanying drawings as appropriate. 
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83. A method for fabricating a detector device for detecting incident radiation at 
particular wavelengths substantially as herein described in any one of the 
embodiments, with reference to the accompanying drawings as appropriate. 
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